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Abstract
This paper presents an application of both the original TODIM and the Choquet-extended TODIM methods. Both 
approaches are used here in order to rank suppliers of specified materials and goods quite relevant for a steel industry
located in the Brazilian state of Rio de Janeiro. One conceptual advantage from using the Choquet-extended TODIM 
method is that it can deal with interactions between evaluation criteria. Results from the application of these two methods 
practically lead to the same ranks. The non-parametric statistic sign test allows concluding that that both methods are indeed 
equivalent in terms of the final results for this particular application. As a conclusion it can be said that the importance of a 
formal procedure for ranking suppliers basically consists of contributing to greater clarity and a higher learning throughout 
the ranking process. 
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1. Introduction
Organizations, regardless of the sector in which they operate, should be consistently seeking opportunities 
for improvement and development of their activities and processes with the firm intention to make the most of 
the resources available to their business, ensuring their survival and improve the company's performance.
The investment in the search for greater efficiency in the management of supply chains, through the 
continued pursuit of improving their processes and optimizes their operations, ceases to be a purely operational 
dimension and becomes a strategic aspect. Some of the motivating reasons for this trend are: gaining 
competitive advantage, achieve better profit margins and pricing flexibility, faster replacement at point of sale, 
easiness to meet specific demands faster or even a combination of all these items [2].
The sector of procurement occupies an important position in most organizations for parts, components and 
supplies. This sector generally represents 40% to 60% of the final sales value of any product. This means that 
reductions of relatively low cost are foremost present in the process of materials purchasing and can have a 
greater impact on profits than similar improvements in other areas of costs and sales. In this context, evaluating 
a group of suppliers and ranking them achieves a high degree of importance in most organizations. Such
activity, previously considered relatively quite simple because it was traditionally based on few alternatives, 
has been understood more recently as a complex task, since several criteria must be considered in the decision 
making process [6].
In realistic procurement problems there are several goals to be achieved, and those are usually conflicting. 
Besides, it is normally very difficult to find a solution that perfectly fits all goals and objectives of any given 
company. With this increasing complexity the process of purchasing materials and goods for industry tends to 
be treatable by using multicriteria models essentially. When applied to procurement problem multicriteria 
methods do not seek an optimal solution, but rather a compromise, and a consensus should prevail between the 
decision agents that are involved in the process [6].
In this paper both the original TODIM method ([4], [6]) and its extension obtained by taking into 
consideration interactions between criteria, here denoted by the Choquet-extended TODIM method [5] are used 
in order to rank alternative suppliers of  parts for a major steel industry located in the Brazilian state of Rio de 
Janeiro. In section 2 the fundamentals of the unipolar Choquet integral ([1], [11]) in multicriteria ranking 
problems [3] is reviewed. 
2. The Choquet Integral as a Ranking Model in the Unipolar Scale
Consider the set ܺ = ܺଵ × ܺଶ… × ܺ௡ of feasible alternatives. The decision maker has preferences with 
respect to X that are expressed by a binary relation of the type ؼ. Now consider the utility function that is given 
by ݔ ൒ ݕ ՜ ܨ൫ݑଵ(ݔଵ), … ,ݑ௡(ݔ௡)൯ ൒ ܨ൫ݑଵ(ݕଵ), … ,ݑ௡(ݕ௡)൯ , where ܨ is the Choquet Integral and ݑ௜: ௜ܺ ՜
ܵ, ݅ = 1, … ݊ are aggregation functions ([1], [7]).  ܵ ؿ ܴା is a scale that represents the decision-maker’s 
preferences. We can set two types of scales when the image of the aggregation function is ܴା. The first scale, 
the limited unipolar scale, applies when ܵ = [0; 1], where zero means the absence of a property and 1 means 
the total certainty about the existence of such a property. In modeling, one can affirm the existence in ௜ܺ of two 
elements that have the notations ௜ܷ and ௜ܲ , where ௜ܷ is an element of ௜ܺ that represents the complete 
dissatisfaction of the decision maker and ௜ܲ represents his complete satisfaction. 
We then have ݑ௜( ௜ܷ) = 0 and ݑ௜( ௜ܲ) = 1. The second scale, the unlimited unipolar scale, applies when ܵ =
ܴା. This scale serves to present the priorities and relative measures of importance. For convenience, we use the 
notation ݑ௜( ௜ܵ) = 1. The function ݑ: 2ே ՜ R is a capacity if ݑ(Ԅ) = 0 [10]. A capacity μ that satisfies ߤ(ܣ) ൑
ߤ(ܤ), A ك B is a fuzzy measure. This fuzzy capacity is normalized if ߤ(ܰ) = 1, where N is the set of integer 
numbers. The fuzzy capacity is additive if, for all disjoint sets ܣ, B ك N, one has ߤ(ܣ ׫ ܤ) = ߤ(ܣ) + ߤ(ܤ). It 
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is symmetrical if, for all subsets A, B, we have |ܣ| = |ܤ| ֜ ߤ(ܣ) = ߤ(ܤ). We consider ݂:ܰ ՜ ܴା to be the 
Choquet integral of with respect to the capacity ߤ given by ܥఓ(݂) = σ ൣ݂൫ߪ(݅)൯ െ ݂൫ߪ(݅ െ 1)൯൧ߤ(ܣఙ௜)௡௜ୀଵ ,
ZKHUHıLVDSHUPXWDWLRQLQ1VXFKWKDW ఙ݂(ଵ) ൑ ڮ ൑ ఙ݂(௡) and ఙ݂(଴) = 0.
To construct an example, assume that the scores of 4 students in 3 subjects are as shown in Table 1.
Table 1. Students’ evaluations in 3 subjects
Criterion
Alternatives
Student A Student B Student C Student D
Subject 1 4 3 -1 -2
Subject 2 6 5 6 5
Subject 3 -3 -5 -3 -2
The dean of the school wants to give a full scholarship to a student by sticking to the following rule: every 
chosen student must be good in subjects 1, 2 and 3 (exactly in this order, that is subject 1 is more important 
than subject 2 and subject 2 is more important than subject 3) (ܵݑܾ݆݁ܿݐ 1 ظ ܵݑܾ݆݁ܿݐ 2 ظ ܵݑܾ݆݁ܿݐ 3). The 
ranking It can be determined the ordering of these 3 students can now be determined by using the unipolar 
Choquet integral and it is shown in table 2.
Step 1 – Determining the fuzzy measures
Let’s assume that the three subjects are ranked in this order: ܵݑܾ݆݁ܿݐ 1 ظ ܵݑܾ݆݁ܿݐ 2 ظ ܵݑܾ݆݁ܿݐ 3. The fuzzy 
measures used in this example were: ߤ({1,2,3}) = 1, ߤ(Ԅ) = 0, ߤ({1}) = 0,35, ߤ({2}) = 0, ߤ({3}) = 0,
ߤ({1,2}) = 0,34, ߤ({1,3}) = 0, ߤ({2,3}) = 0,33
Step 2: Calculating the Choquet integral
These calculations are performed by summing the values along each column. Those sums provide the values 
of the Choquet integral. The ranking of the alternatives that are provided by the Choquet Integral is then 
obtained by ordering these alternatives from the highest to the lowest values. The results are presented in Table 
Table 2. – Ranking obtained by using the Choquet integral in the unipolar scale
Alternatives
Criteria Student A Student B Student C Student D
Subject 1 4ߤ({1})
= 4 × 0.35
= 1.40
3ߤ({1})
= 3 × 0.35
= 1.05
െߤ({1})
= (െ1) × 0.35
= െ0.35
െ2ߤ({1})
= (െ2) × 0.35
= െ0.70
Subject 2 2ߤ({1,2})
= (6െ 4) × 0.34
= 0.68
2ߤ({1,2})
= (5െ 3) × 0.34
= 0.68
7ߤ({1,2})
= ൫6െ (െ1)൯× 0.34
= 2,38
7ߤ({1,2})
= ൫5െ (െ2)൯× 0.34
= 2.38
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Subject 3 12ߤ({2,3})
= 12 × 0.33
= 3.96
10ߤ({2,3})
= 10 × 0.33
= 3.30
9ߤ({2,3})
= ൫6െ (െ3)൯× 0.33
= 2.97
7ߤ({2,3})
= ൫5െ (െ2)൯× 0.33
= 2.31
Choquet integral 1.40 + 0.68 + 3.96 
= 6.04
1.05 + 0.68 + 3.30
=5.03
-0.35 + 2.38 + 2.97
= 5.00
-0.70 + 2.38 + 2.31
= 3.99
Ordering 1 2 3 4
The resulting ranking is:  ܵݐݑ݀݁݊ݐ ܣ ظ Sݐݑ݀݁݊ݐ ܤ ظ ܵݐݑ݀݁݊ݐ ܥ ظ ܵݐݑ݀݁݊ݐ ܦ . This arrangement means 
that Student A is preferable to the other students.
3. Review of the Original TODIM and of the Choquet-extended TODIM methods
The TODIM method (an acronym in Portuguese for Interactive and Multicriteria Decision Making) makes 
use of a nonlinear value function with the shape similar to the gains/losses function of Cumulative Prospect 
Theory ([9], [12]). Here gains and losses are established with respect to a reference point. In algorithmic form 
an application of TODIM would follow the steps below (all symbols are explained just after the mathematical 
formulae):
x Step 1: From the evaluation matrix of size m (criteria) versus n (alternatives) and criteria weights, compute 
values of )c (Ai, Aj) by using equation (2) below and making T vary in [1,10];
x Step 2: Compute values of G (Ai, Aj) with equation (1);
x Step 3: Compute values of ȟi with equation (3): those values lead to the ranking of alternatives.
x
Mathematical expressions (1), (2) and (3) constitute the modeling underlying the use of the original TODIM 
method:
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where:
G (Ai, Aj) = measurement of dominance of alternative Ai over alternative Aj;
n = the total number of alternatives;
m = the total number of criteria;
c = a generic criterion;
wrc = trade-off rate (or trade-off weighting factor) between the reference criterion r and any other, generic 
criterion c. The subscript r identifies a reference criterion for the decision maker. That can be, for example, 
the criterion that the decision maker considers as the most important one. It is easy to see that any criterion 
can be chosen as the reference criterion and this particular choice does not influence the final results from 
the computations. 
Pic, Pjc = evaluations of alternatives i and j with respect to criterion c;
T = attenuation factor of the losses; different choices of T lead to different shapes of the prospect 
theoretical value function in the negative quadrant; 
)c(Ai, Aj) = contribution of criterion c to function G(Ai, Aj), when comparing alternatives Ai and Aj.
ȟi = normalized global performance of alternative Ai, when compared against all other alternatives.
The Choquet integral is indeed a generalization of the weighted arithmetic mean and has been extensively 
used since the last decade in modelling interactions between criteria [7]. Through considering the fuzzy 
mHDVXUHVȝRILQWHUDFWLRQVEHWZHHQFULWHULDZHFDQREWDLQWKHRYHUDOOYDOXHRIHDFKDOWHUQDWLYHZLWKQRQHHGRI
normalization. This is accomplished by rewriting the equation (1) as equation (4): 
),()(),( jicji AAaIAA ) PG (4)
wKHUHD6ĺ5DQG,LVWKH&KRTXHWLQWHJUDOLQUHODWLRQWRWKHIX]]\PHDVXUHȝ
In order to illustrate, assume the following evaluation matrix as showed in Table 3.
Table 3. Evaluation matrix
Alternatives
Criteria A1 A2 . . . An
C1 Ɏ$1,C1) Ɏ$2,C1) . . . Ɏ$n,C1)
C2 Ɏ$1,C2) Ɏ$2,C2) . . . Ɏ$n,C2)
. . . . . . . . . . . . . . .
Cm Ɏ$1,Cm) Ɏ$2,Cm) . . . Ɏ(An,Cm)
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Suppose that criteria are ordered as follow: C1 > C2 > ... > Cm. We can now determine the fuzzy measures 
(i.e., the criteria interactions) as it follows in equation (5):
1,;.....;
m
1j
j1,1121211 ¦
 
     jjjjj kkkk PPPPPP
(5)
where kj are constants. The evaluation matrix can now be rewritten as follows in Table 4:
Table 4. Evaluation matrix with fuzzy measures
Alternatives
Criteria A1 A2 . . . An
C1 ȝ1Ɏ$1,C1) ȝ1Ɏ$2,C1) . . . ȝ1Ɏ$n,C1)
C2 ȝ12Ɏ$1,C2) ȝ12Ɏ$2,C2) . . . ȝ12Ɏ$n,C2)
. . . . . . . . . . . . . . .
Cm ȝm-1,mɎ$1,Cm) ȝm-1,m-1Ɏ$1,Cm) . . . ȝm-1,m-1Ɏ(An,Cm)
4. An application case study
This case study considers a realistic application of the two methods described above, the original TODIM 
and the Choquet-extended TODIM method. The application was carried out for the process of buying 
equipment in a steel industry located in the Brazilian state of Rio de Janeiro, in Brazil. The process analysed is 
the purchase of large equipment for which was provided to renderers only a functional specification, with its 
main design features and expected performance indicators. Thus, the overall scope of supply in this case is the 
development of basic and detailed design for manufacturing, manufacturing itself, supervision and assistance 
with assembly or installation of the equipment at its place of operation and assistance to the departure or entry 
into operation. For this case study three specific decision makers were chosen having with complementary 
skills and expertise. The first one is the engineer responsible for the future operation of the equipment in 
competition; the second one is a process expert who is responsible for determining the primary data and 
equipment design; and the third one is the buyer responsible for all stages of this process of negotiation.
The definition of alternatives was conducted using the technical and market knowledge of these three 
decision makers. From those evaluations, a list of possible alternative suppliers to participate in the ongoing 
process. The determination of the names took into consideration the history of previous performance of 
enterprises, its installed production capacity as well as the recognition of their technical ability to produce the 
required equipment. The evaluation criteria were analyzed individually and comparatively, considering the 
available alternatives which, upon a close examination, have received notes ranging from 0 to 10 associated to 
each of the alternatives. The notes were checked by at least one of the decision makers, depending on the 
specificity of each criterion.
The six evaluation criteria considered in this case study were: Adherence to the Budget; Delivery; 
Performance; Related Services; Technical criteria; and Communication.  Six alternative suppliers were taken 
into consideration in the case study. Table 5 shows the evaluation of each of the alternatives as provided by the 
three decision makers.  
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Table 5. Raw evaluation matrix of the case study  
Alternatives
Criteria A1 A2 A3 A4 A5 A6
C1 - Budget 10 8 7 8 9.5 7
C2 - Delivery 9.5 9 7.5 8 9.5 7.5
C3 - Performance 8.5 8 8 8.5 9 8.5
C4 - Related Services 9 9.5 9 8.5 9 7
C5 - Technical 9.5 9.5 8.5 9 10 8
C6 – Communication 9.5 9 7 7 9 8
Computations were performed in 3 steps:
Step 1 - Determination of fuzzy measures
Considering the order of criteria given by the relative importance of their weights: C1 > C3> C4 > C2 > C5 >
C6 the fuzzy measures using a 2-additive  model and the Shapley-Chubik index [7].
In this paper the fuzzy measures used to calculate the Choquet integral were the following:
ߤ({1,2,3,4,5,6}) = 1, ߤ(Ԅ) = 0, ߤ({1}) = 0.34, ߤ({2}) = 0, ߤ({3}) = 0, ߤ({4}) = 0, ߤ({5}) = 0, ߤ({6}) =
0, ߤ({1,2}) = 0.11, ߤ({1,3}) = 0, ߤ({2,3}) = 0.27,ߤ({3,4}) = 0.16, ߤ({4,5}) = 0.08, ߤ({5,6}) = 0.03 ,
where ߤ௜௝are fuzzy measures which can be interpreted as the weights for the different criteria group.
Step 2 - Computation of the Choquet integral
Table 6 presents the computed values of the Choquet integral. 
Table 6. Computations of the Choquet integral
Alternatives
Criteria A1 A2 A3 A4 A5 A6
C1 Budget 3.40 =
10x0.34
2.72 =
8x0.34
2.38 =
7x0.34
2.72 =
8x0.34
3.23 =
9.5x0.34
2.38 =
7x0.34
C2 Delivery 0.06 =
(10-9.5)x0.11
0.11 =
(9-8)x0.11
0.06 =
(7.5-7)x0.11
0.00 =
(8-8)x0.11
0.00 =
(9.5-9.5)x0.11
0.06 =
(7.5-7)x0.11
C3 Performance 0.27 =
(9.5-8.5)x0.27
0.27 =
(9-8)x0.27
0.14 =
(8-7.5)x0.27
0.14 =
(8.5-8)x0.27
0.14 =
(9.5-9)x0.27
0.27 =
(8.5-7.5)
C4 Associated 
Services
0.08 =
(9-8.5)x0.16
0.24 =
(9.5-8)x0.16
0.16 =
(9-8)x0.16
0.00 =
(8.5-8.5)x0.16
0.00 =
(9-9)x0.16
0.24 =
(8.5-7)x0.16
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C5 Technical 0.04 =
(9.5-9)x0.08
0.08 =
(9.5-8.5)x0.08
0.04 =
(9.5-8.5)x0.08
0.04 =
(9-8.5)x0.08
0.08 =
(10-9)x0.08
0.08 =
(8-7)x0.08
C6 Communication 0.00 =
(9.5-9.5)x0.03
0.02 =
(9-8.5)x0.03
0.05 =
(8.5-7)x0.03
0.06 =
(9-7)x0.03
0.03 =
(10-9)x0.03
0.00 =
(8-8)x0.03
Choquet Integral 3.40+0.06+0.27+0
.08+0.04+0.00
=3.85
2.72+0.11+0.27+0
.24+0.08+0.02
=3.45
2.38+0.06+0.14+0
.16+0.04+0.05
=2.82
2.72+0+0.14+0+0.
04+0.06
=2.96
3.23+0+0.14+0+0.
04+0.06
=3.48
2.38+0.06+0.27+0
.24+0.08+0
=3.03
Values in Table 6 are obtained by multiplying data of Table 5 multiplied by each fuzzy number considered 
in this study. The Choquet integral is computed through the sum of all elements for each column.
Step 3 – Ranking of the alternatives
With the values of the Choquet integral from Table 6 we obtained the ranking of the alternatives suppliers. 
Table 7 displays the rankings.
Table 7. Ranking of alternatives by using the values of the Choquet integral
Alternatives Values of the Choquet Integral Ranking
A1 3.85 1
A2 3.45 3
A3 2.82 6
A4 2.96 5
A5 3.48 2
A6 3.03 4
Table 8 compares the rankings of alternative suppliers as determined by using the Choquet integral (i.e. by 
making use of the Choquet-extended TODIM method) and by the original TODIM method. 
Table 8. Rankings from using both methods
Alternatives Ranking from using 
the Choquet-extended 
TODIM method
Ranking from using 
the Original TODIM 
method [6]
Comparisons of the 2 
rankings
A1 1 1 Same
A2 3 3 Same
A3 6 6 Same
A4 5 4 Different
A5 2 2 Same
A6 4 5 Different
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In order to check whether there were differences between the two methods we used the nonparametric sign 
test with 95% of confidence. Our conclusion from this test was that there are not statistic differences between 
the methods.
5. Conclusions and recommendations for future research
As a follow up to this study, an application using data of other industries should be carried out to provide the 
rankings in a macro sense. This new application can be of great importance especially to emerging capital 
markets as they can be good options for resources capitalization for middle-sized and large-sized companies.
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